T he Wisconsin Twin Panel utilizes the resources of state birth records to study the etiology and developmental course of early emotions, temperament, childhood anxiety and impulsivity, the autism spectrum, and related psychobiological and behavioral phenotypes. The panel currently supports 5 active research studies which involve twins from birth to early adolescence. A range of research methods are employed, including questionnaires and structured interviews with caregivers, home and laboratory-based behavioral batteries, observer ratings, child self-report, psychophysiology, neuroendocrine measures, birth records, genotyping, and cognitive testing. The panel is in the early stages of generating longitudinal findings.
Overview
Like many projects, the WTP grew from a single study into a panel with broader purposes. The WTP is a relatively young research program, beginning in the early 1990s and reaching fruition as a fully-fledged twin panel only in the early 2000s. Here, we do not trace the details of the panel's development, but instead describe its current functioning. However, some of the empirical projects described used earlier versions of current recruitment strategies.
The general research focus is behavioral development during infancy, childhood, and early adolescence. Within the behavioral domain of affective development, both typical and atypical development is emphasized. A range of research methods are employed, including health records, structured interviews with caregivers, home-based behavioral batteries, observer ratings, child selfreport, neuroendocrine measures, genotyping, cognitive testing, and questionnaires.
Recruitment of the Panel
Wisconsin is located in the north central portion of the United States, bordering Michigan, Minnesota, Iowa, Illinois, and two of the Great Lakes, Superior and Michigan. About 68% of the population of the state of Wisconsin lives inside metropolitan areas (U.S. Census Bureau, 2000) although only one city has a population over 250,000. Residents of Wisconsin are of predominantly German (42.7%), Irish (10.9%), Polish (9.3%), and Norwegian (8.5%) ancestry (U.S. Census Bureau, 2000) . The population is largely Wisconsin native (95.8%). Although the state is well known for agriculture, Wisconsin ranks second in the United States for per cent employment in manufacturing industries (22.2%).
The number of twin pairs born annually in Wisconsin from 1989 to 2004 are presented in Table 1 . All families with twins are identified through state birth records. The Waisman Center Research Participation Core recruits families into the panel about 6 months after the twins are born. Six weeks after an initial recruitment letter is sent, a second letter Table 2) , and approximately 44% of families reside in small towns and villages (<10,000 population) or in rural areas. Recruitment is ongoing.
Research Projects
The panel currently supports five studies: (1) behavioral screening of toddlers; (2) a longitudinal study of behavioral development from age 3 months to 3 years, including a follow-up at age 7 years focusing on psychophysiology variables; (3) an age 7 study of child psychopathology; (4) a study of childhood sensory defensiveness, with a longitudinal component; and (5) a study of the autism spectrum (see Figure 1 ).
Study 1: Behavioral Screening of Toddlers

Goals
The goals of this study are to estimate genetic influence on behavior problems and temperament and their association in the second year of life, to explore whether behavior problem symptoms can be viewed as extremes of normal-range temperament dimensions at this age, and to identify twins for the in-depth follow-up studies described below, as well as for future studies. 
Design
Families are recruited for a nonlongitudinal assessment of the base population when the twins are 2 years old. The twins' primary caregiver completes a telephone interview that assesses zygosity (Goldsmith, 1991) , and asks questions related to twin socioemotional development (Infant Toddler Social and Emotional Assessment, ITSEA; Carter & BriggsGowan, 2000) and demographics. Both parents also complete a collection of questionnaires, which includes an in-depth questionnaire about the twins' temperament (Toddler Behavior Assessment Questionnaire, TBAQ; Goldsmith, 1996) and language development (Communicative Development Inventory; Fenson et al., 2000) . Approximately 60% of families in the panel have agreed to participate in this phase of the research, and data have been collected on over 5502 twins (2751 pairs) and their families as of December, 2005 . Table 3 shows twin similarity correlations for maternal report on the ITSEA scales. As the correlational patterns in Table 3 
Selected Results
Goals
The chief issues addressed by GEO are the nature, sources, and functional consequences of emotional individuality. The goals of this study are (1) mapping the onset and early developmental course of fully organized affective responses, such as social smile, wary reactions to strangers, initial empathetic responses, guilt, and pride; (2) investigating genetic and environmental sources of individual differences on the timing of emotional development; (3) identifying dependencies among individual difference characteristics from the emotional, physical, physiological, motoric, and cognitive realms; and (4) studying features of the family environment.
Design
The GEO project includes multimodal, comprehensive assessment of emotion and temperament, as well as selective assessment of cognition, motor development, physiology, social interaction, and the home environment from birth to 3 years of age. The final sample size will total about 500 twin pairs. The project incorporates an unusually broad set of methods, including laboratory-based elicitation of behavior, home observation, testing by examiner, telephone interviews, hospital birth records, diaries, narrative constructions, language inventories, and parent-child and sibling interaction episodes. These and other characteristics of the child and family are also assessed by a battery of questionnaires. Major assessment periods are 3 months of age (home visit), 6 months (laboratory visits), 9 months (home visit), 12 months (laboratory visits), four laboratory visits spaced across the second year, and, finally, laboratory visits at 36 months. A recently established Milwaukee, Wisconsin, site has allowed expansion of the minority subsample. The GEO project shares some twin subjects with another project on psychophysiology, which collects cortisol assays, central (EEG), peripheral (cardiac), and nervous system measures. At age 7, families are recontacted for a study of the psychophysiology of emotion. This follow-up incorporates laboratory-based psychophysiological assessment (EEG, heart rate, and vagal tone) during a series of episodes from the Laboratory Temperament Assessment Battery (Lab-TAB; Goldsmith et al., 1993) . Emotion modulated startle is assessed in the laboratory as well. A 1.5 hour home assessment includes additional episodes from Lab-TAB. All Lab-TAB episodes are videotaped. Researchers code several facets of emotion elicited during the assessment: social fear/ inhibition, anger/frustration, sadness, exuberance, contentment, activity, persistence, inhibitory control/ impulsivity, empathy, and compliance, while measuring several emotional qualities including latency, peak intensity, and duration of response. A mailed packet includes materials to collect salivary measures of basal cortisol from each twin, as well as parent report questionnaire measures of temperament (Child Behavior Questionnaire, CBQ; Rothbart et al., 2001) , health, and behavior, including internalizing and externalizing symptoms (Health and Behavior Questionnaire, HBQ; Armstrong et al., 2003) .
Selected Results
Turning to the physiological data from the study, children's morning basal cortisol sampled at home across 3 days, (a heritable phenotype in these data), was related to more relative right frontal EEG asymmetry at baseline, during a stranger approach paradigm, and also during four other laboratory procedures (Coan et al., 2005a (Coan et al., , 2005b . Similarly, home cortisol levels predicted an increase of relative right frontal EEG asymmetry from anticipation of a desirable gift to receipt of an undesirable gift in the laboratory. Cardiac reactivity was associated with EEG asymmetry in very similar ways (e.g., shorter pre-ejection period [PEP] predicted increased right frontal activation as situations became more hedonically negative). Home cortisol levels were related to cross-situational heart rate and PEP, and to startle potentiation across laboratory contexts. Greater relative right prefrontal activation in the EEG signal was associated with startle potentiation and various behavioral -mostly bodily -measures of fearfulness. Interestingly, angry behavioral reactions tended to be associated with relative left frontal activation in the EEG, and the opposite occurred for the internalizing emotion, sadness. This finding suggests that the well-known asymmetry between right versus left frontal activation in the EEG (Davidson, 2004) might map better onto withdrawal versus approach motivation than onto negative versus positive hedonic tone. Although these physiology-behavior links were in the predicted direction, their strength was generally modest in this unselected sample (Coan et al., 2005a) . The data showed moderate-to-strong genetic effects on many of the heart rate variables, (as in the literature), and on morning basal cortisol. A novel finding was a genetic effect (heritability = .30) on PEP, indexing the sympathetic influence on cardiac function. In summary, the broad confirmation of a nexus of predictions indicates that a genetically informed understanding of the links among fear endophenotypes in children is feasible (Coan et al., 2005b) .
Study 3: Age 7 Study of Child Psychopathology
Goals
The goals of this study are to (1) identify and assess twins at risk for internalizing, externalizing, and attentional disorders, including attention-deficit/ hyperactivity disorder (ADHD), conduct problems, anxiety, and depression; (2) characterize these at-risk twins and their co-twins regarding their behavioral problems and risk factors with a structured interview, additional parent report measures, behavioral assessments, observation, and biological measures; (3) assess the twins' parents for current psychopathology; (4) assess the twins' environment, including prenatal effects, to identify features associated with risk; (5) estimate the genetic influence on the measure of the risk factors, on the disorders themselves, and on the association between the risk factors and the disorders; (6) use the data to improve nosology of childhood disorders and study comorbidity; (7) consider risk-reducing factors related to resiliency and adaptability, such as the capacity to experience and express pleasure, higher cognitive ability, and emotion regulation capability; (8) lay the foundation for a followup when the twins have lived through more of the risk period for the onset of disorders; and (9) genotype potential candidate genes.
Design
At age 7, all twins are screened for child psychopathology through a telephone interview with a primary caregiver. Parents rate each twin's behavior on 84 items of the mood/behavior symptomatology portion of the Health and Behavior Questionnaire (HBQ; Armstrong et al., 2003) . Based on parent-rated scores, each twin is identified as (1) at risk for one or more of the eight psychopathology domains (scoring 1.5 SD above the mean on depression, anxiety, overanxious, aggression, oppositional defiance, conduct disorder, inattention, and impulsivity scales); (2) a control for all psychopathology (scoring below the mean for all measures); or (3) an unselected individual. Using these criteria, 8.4% of twins are identified as internalizing, 6.9% externalizing, 3.1% inattentive, 9.3% comorbid, and 14.9% are controls. As of June 2006, over 2362 twins have completed the screening process. If either twin is identified as at risk or control, the pair is followed up to assess behavioral problems. This psychopathology follow-up includes 1.5 hours of additional telephone interviews with parents about child rearing, family climate, and parent psychopathology (World Health Organization's Composite International Diagnostic Interview; Robins et al., 1988) . A mailed packet includes materials to collect salivary measures of basal cortisol from each family member, as well as questionnaire measures of child temperament (CBQ; Rothbart et al., 2001) , child depression (Child Depression Inventory; Kovacs, 1983) , parent personality (Multidimensional Personality Questionnaire, MPQ; Tellegen, 1978) , and parent depression (Beck Depression Inventory; Beck et al., 1988) . Observational data are collected during a half-day home visit that includes salivary measures of reactive cortisol, as well as an extensive temperament assessment battery of 16 episodes with each twin (Lab-TAB; Goldsmith et al., 1993) , the Berkeley Puppet Interview (BPI; Ablow & Measelle, 1993) , vocabulary (Peabody Picture Vocabulary Test; Dunn & Dunn, 1981) and spatial cognition measures (Wechsler, 1991) , structured diagnostic interviews with the primary caregiver (Diagnostic Interview Schedule for Children, Version IV; Fisher et al., 1997) , and two primary caregiver-twin interactions and three twin-twin interactions. This half-day home visit is videotaped. Upon reviewing the videotapes, child examiners globally rate each child's affect, multiple domains of reactivity and regulation, multiple domains of behavior symptoms, the primary caregiver's behavior and affect with the twins, and the twin's behavior and affect with their co-twin. Additional measures of prenatal development are examined with palm and finger print asymmetries, and hospital pregnancy and birth records are coded for neonatal morbidity (Neonatal Morbidity Scale; Pleasure et al., 1997) and obstetrical and neonatal complications (Obstetrical Complications Scale, Neonatal Complications Scale; Littman & Parmalee, 1974) .
Selected Results
Results for this project are preliminary, as the data are still actively being collected. Our early analyses examined several facets of early temperament: inhibition, fear, shyness, and sadness. In two independent samples, fear, sadness, and shyness measured at age 4 showed strong stability with the same measures at age 7, rs greater than .60 (Goldsmith & Lemery, 2000) .
We deconstructed the association between early temperament and later behavior problems in two sets of analyses. First, we studied effortful control, a regulatory aspect of temperament and ADHD symptoms. Effortful control and ADHD symptoms measured approximately 2.5 years later appeared to have similar levels of genetic influence (Goldsmith et al., 2004) . Furthermore, extreme levels of effortful control contributed to the genetic liability for ADHD symptoms. All three of the sources of variance in effortful control (additive genetic, nonadditive genetic, and nonshared environment) accounted for variance later on in ADHD symptoms. Somewhat surprisingly, all of the genetic variance in later ADHD was also associated with earlier effortful control (see Figure 2) . In additional analyses, nonshared environmental influences on early fear and later overanxious behaviors were completely independent (Goldsmith & Lemery, 2000) . The association between early fear and later overanxious behavior was entirely due to shared additive genetic influence (see Panel B, Figure 3 ). In contrast, fear and separation anxiety were linked entirely by shared and nonshared environmental influences.
Study 4: Sensory Defensiveness Project
Goals
Sensory defensiveness (also referred to sensory overresponsivity or lack of sensory modulation) involves negative emotional reactions to sensory stimuli that most individuals find to be innocuous. Although the area is severely understudied, sensory defensiveness appears to be a significant impairment. Symptoms may occur independently or in the context of other behavioral challenges . The goals of this study are to (1) identify the prevalence of sensory defensiveness in an unselected population; (2) identify what disorders co-occur with sensory defensiveness; (3) identify the nature and extent of behavioral problems in families of young children with symptoms of sensory defensiveness; and (4) estimate the heritability of sensory defensiveness, by both the differential concordance of identical and fraternal twins, and by parent-offspring similarity.
Design
The study of child sensory defensiveness includes three primary measurement periods. First, twins are screened for sensory defensiveness in the toddler study with a modified version of the TBAQ (Goldsmith, 1996) . Second, twins who are reported in the top 5% as auditory and tactile defensive at age 2 are rescreened for a more in-depth study of sensory defensiveness at age 4 to 5 years. The rescreened sample includes 282 twins, and full follow-up data have been collected on 78 twin pairs and their families. The follow-up sensory defensiveness study of 4-to 5-yearolds includes a 25-minute home observational Best-fitting bivariate models for the prediction of later symptoms from earlier temperament in twins (standardized path coefficients and significant paths shown). 
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H. Hill Goldsmith, Kathryn Lemery-Chalfant, Nicole L. Schmidt, Carrie L. Arneson, and Cory K. Schmidt assessment of auditory and tactile responsiveness with each twin (Miller, 2003) . A parent interview includes pregnancy, childbirth, early child feeding, sleeping and behavior patterns, parent depression, and parallel child-parent sensory measures from the primary caregiver and twins (Dunn, 2000) . A mailed packet of questionnaires includes measures of child health and behavior (HBQ; Armstrong et al., 2003) , and parent personality (MPQ; Tellegen, 1978) . The questionnaire assessment of sensory defensiveness is included in the screening assessment of all 7-year-old twins (Miller, 2003) . Data have been collected on more than 844 twins at age 7.
Selected Results
Using a sample of 1394 toddler-aged twins with mothers' reports of tactile and auditory defensiveness, temperament, and behavior problems, the incidence of defensive symptoms was widely distributed, with some accumulation of cases in the extreme range . Girls were overrepresented in the extreme tactile defensiveness group. Both auditory and tactile defensiveness were modestly associated with fearful temperament and anxiety, but they were relatively distinct from other common dimensions of childhood behavioral dysfunction. Twin correlations for the full range of scores, and concordance rates for the extremes, suggested moderate genetic influences, with some indication that the tactile domain might be more heritable than the auditory domain.
Our preliminary analyses suggest both stability and change in young children's sensory defensiveness. Fifty per cent (23/46) of the twins who were reported as auditory defensive at age 2 were still auditory defensive at age 4 to 5. Approximately 48% (27/56) of the twins who were reported as tactile defensive at age 2 were still tactile defensive at age 4 to 5. Future longitudinal analyses will link the age 2 and age 7 sensory defensiveness assessments and investigate whether sensory defensiveness is a risk factor for ADHD, anxiety symptoms, or other behavior problem domains.
Study 5: Twins on the Autism Spectrum
Goals
The goals of this study are to (1) identify all twins aged 2 to 16 years, one or both of whom are characterized as being in the autism spectrum; (2) perform a full diagnostic and behavioral assessment of both twins in each set, using a structured interview, supplemental measures, and a review of any prior clinical diagnosis; (3) characterize comorbid medical conditions (e.g., cerebral palsy, seizure disorders, Fragile X, tuberous sclerosis); (4) characterize co-occurring, but nondiagnostic behavioral problems, especially anxiety, motor dyspraxia, and sensory sensitivities; (5) estimate genetic variation on autism, co-occurring behavioral symptoms within the autism spectrum, measures of earlier risk factors, and the association among risk factors, the co-occurring behavioral problems, and autism; (6) identify whether twins are at increased risk of autism relative to singletons using epidemiological data from the state as well as data gathered from a Center for Disease Control-funded surveillance study; (7) conduct structural and functional MRI studies, along with eye tracking and electrodermal measures, as twins reach 8 years, and to implicate certain brain regions as related to either genetic or environmental risks, with differences between discordant monozygotic (MZ) co-twins reflecting noninherited factors; (8) screen the twins' parents and siblings for current psychopathology and personality features, including the 'broader autism phenotype'; (9) assess psychosocial functioning of these families; (10) follow up autistic twins at the end of the project to confirm diagnoses of index cases and confirm/rule out, late-developing autism spectrum cases in cotwins; and (11) consider risk-reducing factors related to resiliency and adaptability, such as the capacity to express pleasure, higher cognitive ability (especially memory and spatial/quantitative skills), emotion regulation capability, and family assets.
Design
The initial study began as case-finding throughout Wisconsin for any twins under the age of 18 years with an autism spectrum diagnosis (autism, Aspergers, or pervasive developmental disorder -not otherwise specified). The study includes an initial telephone screen for behaviors in the autism spectrum. As of December, 2005, we have identified some 204 twins, (most born before the screening of birth cohorts began), and have also begun a second-stage screen of these pairs. Individuals identified both via case-finding and screening of birth cohorts later participate in a home-based behavioral assessment including parent interviews, cortisol measures, and behavioral assessments, including the Autism Diagnostic Observation Scale (ADOS; Lord et al., 2000) . In addition, we characterize co-occurring, but nondiagnostic behavioral problems, especially anxiety, motor dyspraxia, sensory sensitivities, and sleep problems. Other aspects of the project include extensive assessment of (1) speech and language, (2) psychosocial functioning of the families, (3) the broader autism phenotype in family members, and (4) behavioral strengths of autistic individuals.
Selected Results
Findings are currently at the most tentative stage. We have shown that the initial screening does in fact identify children on the autism spectrum. From the case-finding data, and before needed exclusions for medical comorbidities, and also before confirmation of diagnoses in many cases, the concordance rate for the autism spectrum for MZ twins would appear to be in the range of 50% to 70%, and for dizygotic (DZ) twins, in the range of 15% to 25%. The male: female ratio was somewhat higher than the commonly reported 4:1 value. Buccal cells are being collected for future candidate gene analyses.
During the behavioral screening for toddlers (the first project discussed in this paper), parents report on behaviors that are characteristic of very young children with autism. For the 1998 to 2003 birth cohorts, we examined 35 autism screening items for 2808 twins (mean age = 27 months). The autism screening items were drawn from the literature on early identification of autism, supplemented with items from the ITSEA (Infant-Toddler Social Emotional Assessment; Carter & Briggs-Gowan, 2000) . The items were divided into four subscales: speech, social behavior, restricted interests, and motor impairment. For twins with extreme scores (top 5%) on both the social and speech subscales, a probandwise analysis revealed an MZ concordance rate in the .60s and a DZ rate in the .40s. The autism project is only beginning to generate longitudinal data for future analyses.
Longitudinal Model Fitting
We plan to pursue growth curve approaches to these longitudinal data. Because a full longitudinal, multivariate, twin-family biometric model incorporating measured risk factors becomes extraordinarily complex, we believe that components of the model need to be built separately, and then combined into more complex models that test hypotheses. For instance, within the childhood internalizing domain, anxiety often precedes depression, but not vice versa (reviewed by Burke et al., 2005) . Once more data are collected, we will test whether genetic influences on age 7 anxiety levels affect the slope of change in depression from age 7 to 12. However, we will first characterize genetic influences on intercepts and slopes of anxiety and depression separately. To implement this strategy, we will begin with our multisource composite measures of anxiety and depression, and fit biometric growth curves (intercepts and slopes) to the 3-occasion longitudinal data (e.g., McArdle, 1986) . A bivariate biometric structure can be imposed on the growth curve parameters (two latent intercepts and two latent slopes), as demonstrated by Finkel et al., (2005) , for a slightly more complex model. The full model will incorporate anxiety's influence on depression, as well as exogeneous variables that account for additional variance in depression.
